(l15-120kV). A'total of 800-1200 ml of barium suspension is used and water is infused if the terminal ileum is not reached with 1200 ml of barium. The examination normally takes 20-30 minutes.
Radiological appearances
The radiological signs of Crohn's disease of the small intestine, as shown with the barium infusion technique, can be classified as follows (Nolan 1980 , Nolan & Gourtsoyiannis 1980 : ulceration (discrete ulcers, fissure ulcers, longitudinal ulcers, sinuses and fistulae); cobblestoning; thickening and/or distortion of the valvulae conniventes; stenosis; dilatation proximal to stenosis; asymmetrical involvement; skip lesions; pseudopolyps; featureless outline; thickening of the wall of the intestine; gross distortion; adhesions.
Ulceration is present in the majority of patients and a combination of different types of ulcers are seen in many. Discrete ulcers are seen en face as small collections of barium, often surrounded by translucent zones due to oedema ( Figure I) . These small discrete ulcers are sometimes referred to as aphthoid ulcers (Laufer & Costopoulos 1978) . In some cases the discrete ulcers are shown as small, rounded collections of barium with radiating mucosal folds. Fissure ulcers ( Figure 2 ) are a fairly common finding and are seen in profile.. They are mostly short but a small number penetrate the thickened wall of intestine to a depth of 5 mm or more. Little collections of barium are sometimes seen in small abscess cavities deep in the fissure ulcers. Deep fissure ulcers are seen mostly in the distal ileum and the ileum just proximal to ileocolic anastomosis sites. Where a combination of discrete and fissure ulcers are . Thickened folds and cobblestoning: 15 cm length of iieum proximal to the site of an ileocolic anastomosis shows gross thickening of the mucosal folds proximally and. an irregular cobblestone pattern adjacent to the anastomosis site seen, the discrete ulcer often represents the point where the opening of the fissure.ulcer is seen en face.
Longitudinal ulcers along the mesenteric border of the small intestine may be seen in Crohn's disease. Long longitudinal ulcers are a feature of Crohn's disease in Japan and were seen in 82% of cases reviewed by Yamagata and his colleagues (1979) . They are not seen in tuberculosis and the Japanese consider it a very useful sign for differentiating Crohn's disease from tuberculosis. Longitudinal ulcers are not common in our experience and when seen are much shorter than those illustrated by the Japanese. Sinuses, outlined as thin tracks of barium passing from the diseased intestine, are sometimes seen and may lead to abscess cavities. The terminal ileum is the most common site of sinus track formation and is also the site of involvement with fistulae. The fistulae most commonly seen are ileoileal, ileocaecal, ileosigmoid and ileovesical. Filling of the distal sigmoid colon and rectum before the remainder of the colon has filled signifies the presence of an ileosigmoid fistula. Slightly opaque urine in the bladder, due to the presence of barium, is seen when an ileovesical fistula is present. A combination of fistulae is present in some cases.
Cobblestoning (Figure 3 ) is a fairly frequently encountered sign in Crohn's disease. A combination of longitudinal and transverse fissures separating intact portions of mucosa is often the cause of the cobblestoning pattern. In others oedematous mucosal and submucosal folds that are not closely attached to the underlying muscularis bulge out and produce a cobblestone appearance (Marshak & Lindner 1976) .
Thickening and distortion of the valvulae conniventes (Figures 1, 3 ) are frequently seen in Crohn's disease. Marshak & Lindner (1976) state that blunting, flattening, thickening and distortion or straightening of the valvulae conniventes are the earliest signs ofCrohn's disease. These changes are due to hyperplasia of the lymphoid tissue causing an obstructive lymphoedema. In most cases these appearances are present in association with other signs. However, in a number of cases these may be the only signs that can be detected. They probably represent the earliest detectable radiological signs of small intestinal Crohn's disease in the majority of patients. It has been suggested that aphthoid ulcers are the earliest sign of Crohn's disease in the colon and small intestine (Morson 1972 , Laufer & Costopoulos 1978 . However, the small aphthoid ulcers appear to develop secondary to the changes in the valvulae conniventes in the small intestine. In a small number of cases aphthoid ulcers alone may be seen in the terminal ileum and it is possible that in these cases they represent the earliest change ofCrohn's disease. In one case in our series small discrete aphthoid-type ulcers were seen in the terminal ileum, but there was also thickening and distortion of the valvulae conniventes in the more proximal ileum (Nolan & Gourtsoyiannis 1980, Figure 1) .
Narrowing of the lumen of the diseased intestine is present in nearly all cases of Crohn's disease and actual stenosis causing a delay in the passage of barium is seen in about half the patients examined (Nolan 1980 , Nolan & Gourtsoyiannis 1980 . There may be either single stenotic segments or multiple segments of stenosis. In some cases the stenotic segment is long while in others the segment is quite short. The only radiological sign in some patients is a short stenotic segment of small intestine and in these cases it may be impossible to make a diagnosis of Crohn's disease on the radiological appearances alone. Obstruction, obvious because of proximal dilatation, is present in many of the patients with strictures Figure 4 . Patients may also present with acute small bowel obstruction and have little or no dilatation. The diagnosis of obstruction is confirmed by the considerable delay in the passage of barium through the markedly narrowed segment.
Asymmetrical involvement of the intestinal wall and skip lesions are a feature of Crohn's disease. This discontinuous distribution of the disease process is characteristic of Crohn's disease and in some cases the asymmetrical involvement leads to pseudodiverticula formation ( Figure 5 ). The pseudodiverticula are formed by small pockets of normal intestine in a diseased and contracted segment (Nolan & Piris 1980) . Skip lesions may be seen either as segments of disease, separated by fairly extensive normal segments of intestine, or as short segments of normal intestine interspersed between segments of diseased small intestine. Pseudopolyps may be present in Crohn's disease of the small intestine (Marshak & Lindner 1976) and are seen as small, discrete, round filling defects. They are an uncommon finding but they may be seen when the disease is extensive and severe. A featureless outline to the diseased intestine is sometimes seen but is an uncommon finding. In some cases of severe colonic disease the appearances seen in the terminal ileum are similar to the changes seen in severe total ulcerative colitis, the so-called 'backwash ileitis'. In these cases the changes probably occur secondary to the severe colonic disease. In others the changes may be due to mucosal atrophy and it is possible that the disease is quiescent. Radiological evidence of thickening of the wall of the diseased intestine, as shown by displacement of adjacent barium-filled loops of intestine, may be seen. In some cases the intestinal pattern is unrecognizable; this gross distortion is mostly seen in the distal ileum when Crohn's disease is complicated by abscess or fistula formation. Adhesions may develop between diseased and normal segments or between a number of diseased segments.
The 'string sign' (Kantor 1934) is often considered pathognomonic of Crohn's disease. The cause of the string sign is incomplete filling due to irritability and spasm associated with marked ulceration (Marshak & Lindner 1972) and is seen when the barium follow-through is used. It is no longer seen on radiographs that are obtained with the barium infusion as the narrowed segments can be distended to their maximum diameter and the true calibre demonstrated. The string sign is unreliable in any case because it may be seen in the terminal ileum in the absence of organic disease. A case has been reported where a barium followthrough showed marked narrowing of the terminal ileum with typical appearances of the string sign as well as an apparently disturbed mucosal pattern strongly suggestive ofCrohn's disease, but at operation a month later the distal ileum proved to be normal (Willis et al. 1940 ).
Distribution
The ileum and particularly the terminal ileum are the parts of the small intestine most frequently involved with Crohn's disease. In most patients disease of the terminal ileum is in continuity with Crohn's disease of the caecum or of the caecum and ascending colon. There is only a short segment of colonic involvement in some patients while in others it is extensive. Jejunal involvement is seen in a minority of patients and is more common in those who have had a previous resection of small intestine for Crohn's disease (Nolan 1980) . The small intestine proximal to the anastomosis site, i.e. the new terminal ileum, is nearly always the site of recurrent disease in patients with a previous resection. The extent of small intestine involved with Crohn's disease varies considerably from less than one centimetre to very extensive involvement.
Accuracy of barium techniques
Increasing numbers of radiologists have been adopting duodenal intubation techniques for introducing barium and other contrast agents into the small intestine (Scott-Harden 1960 , Pygott et al. 1960 , Glanville & Hugh 1963 , Trickey et al. 1963 , Sellink 1971 , Fleckenstein & Pedersen 1975 , Dyet et al. 1976 , Sanders & Ho 1976 , Ekberg 1977a , Loubiere et al. 1977 , Herlinger 1978 , Hippeli & Grehn 1978 , Fournier et al. 1979 , Kolmannskog 1979 , Skjennald & Samset 1980 , Vallance 1980 . This is in itself an indicator that many investigators are dissatisfied with the accuracy of the barium follow-through. Furthermore, there are a number of reports that show that the barium follow-through is not accurate for assessing the small intestine in Crohn's disease.
It is not uncommon for the radiologist to fail to find the lesion after it has been demonstrated on the operating table, according to Meyers and his colleagues (1959) . They reviewed 100 patients with regional enteritis, seen over a period of 26 years, who were examined by the barium follow-through. The National Cooperative Crohn's disease study in the United States (Goldberg et al. 1979) found that follow-through and single-contrast barium enema gave inadequate radiographic definition of one or more segments and prevented evaluation of that segment in a surprisingly high number of instances. Evaluation of the extent and depth of the disease was unsatisfactory. As a result, the data concerning the nature and extent of Crohn's disease were treated with caution. The poor quality of the radiographic examination was likely to result in underestimation of the extent of ileal involvement. The barium studies were from 14university hospital centres and probably reflect the average level of radiographic technique currently practised. Fleckenstein & Pedersen (1975) considered that the Sellink method of infusing dilute barium directly into the small intestine was the best of the duodenal intubation techniques. They carried out a study in which they compared the infusion technique (Sellinkmodification) with the conventional barium follow-through in the same patients. Fifty-two patients were examined by both methods and it was concluded that visualization of the jejunum and ileum, with the exception of the terminal ileum, was significantly better with the infusion technique. Although the two methods gave equal visualization of the terminal ileum, the infusion method was considered to be better suited to demonstrate the extension of a pathological process in this region.
The barium infusion is a considerable improvement on the barium follow-through in the diagnosis and management of Crohn's disease. Eighteen patients with Crohn's disease, verified histologically, were included in Sellink's first communication (Sellink 1971) . He found the infusion examination much more accurate than the follow-through. All patients with histories of previous resections showed clear evidence of recurrent Crohn's disease on the barium infusion; this had not been identified on previous barium follow-through examinations.
Thirty-six cases ofCrohn's disease were confirmed by pathological examination in the series by Dyet and his colleagues (1976) and no false-positives or false-negatives were found. They concluded that the barium infusion was not only useful in making the diagnosis, but essential for demonstrating the full extent of the disease in the small intestine including complications such as fistulae, particularly if surgery was contemplated. They used Sellink's method but injected air after barium reached the terminal ileum in order to get double-contrast views. Sanders & Ho (1976) showed Crohri's disease in 37 out of 150 patients examined by the Sellink method, 9 of whom had had previous conventional follow-through examinations. Crohn's disease was missed in 2 of the follow-through examinations: they were reported as normal. A fistula to the sigmoid colon was not seen on the follow-through in another patient. Crohn's disease with multiple strictures and obstruction was shown in another where the follow-through ·showed possible obstruction only. They concluded that the infusion examination was the preferred method for assessing the small intestine radiologically.
Ekberg (l977b) examined 43 patients who had Crohn's disease, first using the barium follow-through and then an intubation technique at intervals varying from four days to fourand-a-half years; 60% were examined within an interval of less than one year. The intubation method was an air-contrast modification of Sellink's technique. The double-contrast examination revealed more clearly all the pathological changes of Crohn's disease except fistulae and showed the demarcation of diseased intestine from normal intestine more distinctly.
During a two-and-a-half year period, 100 patients with Crohn's disease of the small intestine were examined by the barium infusion technique at the Radcliffe Infirmary, Oxford (Nolan 1980 , Nolan & Gourtsoyiannis 1980 . The dilute barium distended the normal and diseased segments of small intestine and was an excellent contrast agent. The radiological signs of Crohn's disease were well demonstrated. There was excellent correlation between the radiological appearances and the findings at morbid anatomy (Nolan & Piris 1980) .
Other investigators have testified to the superiority of duodenal intubation methods in Crohn's disease of the small intestine (Herlinger 1978 , Hippeli & Grehn 1978 , Skjennald & Samset 1980 , Vallance 1980 . The improved accuracy of the barium infusion in making a diagnosis and demonstrating the changes of Crohn's disease of the small intestine is recognized by physicians and surgeons interested in the disease (Weterman 1976, Keddie 1980 , Lee & Papaioannou 1980 , Truelove 1981 . The examination is particularly useful in the detection of recurrent disease following previous surgery (Lee & Papaioannou 1980) . Most patients tolerate the procedure very well. Reflux of barium from the duodenum to the stomach can occur and may induce vomiting. It rarely occurs if the tip of the catheter is positioned distal to the ligament of Treitz. It has been suggested that the radiation to the patient is high (Efsing & Lindroth 1980) . However, it has been shown that the radiation dose is similar to that obtained with the barium follow-through (Vogel & Lohr 1978) .
Conclusion
The barium infusion technique has proved very useful in the diagnosis of Crohn's disease in the small intestine. It gives excellent visualization of the small intestine, delineates clearly between healthy and affected parts, and makes it easy to pick up any of the multiple signs of Crohn's disease that may be present. The radiologist, using the barium infusion technique for examining the small intestine, can contribute in a very positive way to the diagnosis and assessment of the disease.
